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Vector Calculus 


Convert Between [ POINTS ] 

Cylindrical to Cartesian 

x — p cos 0 ; y = psin0 ; z — z 

Cartesian to Cylindrical 

p — y x 2 + y 2 ; <p — tan -1 ; z — z 

Spherical to Cartesian 

x = rsin0cos0 ;y = rsin0sin0 ;z — r cos 0 

Cartesian to Spherical 

r = a/x 2 + y 2 + z 2 ; 0 = cos -1 ; 0 = tan -1 

Convert Between [Vectors ] 

Cartesian-Cylindrical 





fi z 

a x ■ 

COS0 

— sin 0- 

0 

a r 

sin$ 

cos$ 

0 


0 

0 

1 


Cartesian - Spherical 




*0 


a v * 

sin 8 cos 0 

cos 8 COS 0 

— sin0 

*y m 

sin 0 sm 0 

cos0 sin0 

COS 0 

a- 

COS0 

— sin 0 

0 


Scalar triple product 

Vector triple product 

\x A Ya z a 1 

A.(B x C) = Xg Yb Zb 
[*c Yc z c \ 

ic- X ^ jLolU Cl 1 Wii , sa \\ jILq 4l^.Lowi (JiLoj 

J ^JjUbQ 

A.(B x C) = B.(C x A) = C.(A x B) 

A x (B x C) 

Lagrange’s formula 

A x (B x C) = B( A.C) - C(A.B) 

Jacobi identity 

A x (B x C) + B x (C x A) + C x (A x B) = 0 

(A x B) x C = A x (B x C) - B x (A x C) 







Gradient theorem 


J 

f* V T.d\ = T(b)~ T(a) 


Divergence theorem ( Green , Gauss) 


[ (v-V)dv = <f V.ds 

■ ' volume J surface 

Curl Theorem ( Stoke) 


1 

f (v X V).cfS = (f V.cfl 

surface J line 



Differential Element 

Cartesian 

Cylindrical 

Spherical 

dl = dx a x + dya y + dza z 

dl = d pa p + pd&a^ — dza z 

dl = dra r + rddae + rsinOd&a $ 

dA x = dydza^ 
dA y = dzdxlty 
dA z = dxdyal 

dS x = pdcpdzaTp 
dS y = dzdpaj, 
ds z = pdpdcpaz 

dS r = r 2 sin0,d0do 
dS# = rsmO.drdffae 

dS 0 = rdrdda^ 

dV - dxdydz 

dV = pdpdtpdz 

t 

dV = r 2 sin0drd8d(p 

Gradience ( scalar) : 


— (df— df_ df\ 
yf - ^ ax + ay 3y + te az ) 


Div Laws (Vector) 


~ / 8D X 

8Dy 3D, \ 

(rectangular) 

div D = | 


\ 

9>' dZ J 



Curl 


a x 3y a z 

d 8 d 
dx 8y dz 

_x A Z A _ 








GRADIENT 





RECTANGULAR VK = ~ a r 

BV \dV 'dV 

CYLINDRICAL VF-^ — + —a* + - a : 

<jp p <xp a: 


SPHERICAL 


dV IdV 1 3V 

vp = — a, + 

dr r 60 rsintf c ty> 


DIVERGENCE 


()D y dDy 3D; 

RECTANGULAR VD - —L + —L + — - 

ax dv dr 


1 9 

pdp 


1 dD# / 
p ikf> <k : 


CYLINDRICAL V • D = - (pDJ -f + 


SPHERICAL 


I dD* 



rsinf* i kfi 


CURL 


0 „„ M0111 AO „ ,, dH. 9//,\ dH x SH.\ (dH y 8 HA 

RECTANGULAR VxH= — 1 - — a v + — ^ a, + — - — - a- 

V dy 3r ) \ 8r ftv ) V d-t dr / ' 

„ /l dH. 3HA (i)lL dH z ) 

h =(pVit> + ^-V^ 


CYLINDRICAL V x 


, i r«w 

pL 3p a*J -* 


3/5 ty 

SPHERICAL V x H = -L- [**£*> - !£L + i - ^>1 

rsm^L /• [sin 0 fop 3 r 


Symbol 

Name 

Unit 

Abbreviation 

V 

Velocity 

meter/second 

m/s 

F 

Force 

newton 

N 

Q 

Charge 

coulomb 

C 

r, R 

Distance 

meter 

m 


Permittivity 

farad/meter 

F/m 

E 

Electric field intensity 

volt/meter 

V/m 

Pv 

Volume charge density 

coulomb/meter 3 

C/m 3 

V 

Volume 

meter 3 

m 3 

PL 

Linear charge density 

coulomb/meter 

C/m 

PS 

Surface charge density 

coulomb/meter 2 

C/m 2 

V 

Electric flux 

coulomb 

C 

D 

Electric flux density 

coulomb/meter 2 

C/m 2 

S 

Area 

meter 2 

m 2 

W 

Work, energy 

joule 

J 

L 

Length 

meter 

m 

V 

Potential 

volt 

V 

P 

Dipole moment 

coulomb-meter 

Cm 

I 

Current 

ampere 

A 

J 

Current density 

ampere/meter 2 

A/m 2 

Pe< Ph 

Mobility 

meter 2 /volt-second 

m 2 /V-s 

e 

Electronic charge 

coulomb 

C 

a 

Conductivity 

siemens/meter 

S/m 

R 

Resistance 

ohm 

n 

P 

Polarization 

coulomb/meter 2 

C/m 2 

Xe,m 

Susceptibility 



C 

Capacitance 

farad 

F 

Rs 

Sheet resistance 

ohm per square 

n 

H 

Magnetic field intensity 

ampere/meter 

A/m 

K 

Surface current density 

ampere/meter 

A/m 

B 

Magnetic flux density 

tesla (or weber/meter 2 ) 

T (or Wb/m 2 ) 

POiP 

Permeability 

henry/meter 

H/m 

d> 

Magnetic flux 

weber 

Wb 

Vm 

Magnetic scalar potential 

ampere 

A 

A 

Vector magnetic potential 

weber/meter 

Wb/m 

T 

Torque 

newton-meter 

Nm 

m 

Magnetic moment 

ampere-meter 2 

Am 2 

M 

Magnetization 

ampere/meter 

A/m 

n 

Reluctance 

ampere-turn/weber 

At/Wb 

L 

Inductance 

henry 

H 

M 

Mutual inductance 

henry 

H 


Symbol 

Name 

Unit 

Abbreviation 

CD 

Radian frequency 

radian/second 

rad/s 

c 

Velocity of light 

meter/second 

m/s 


Wavelength 

meter 

m 

*1 

Intrinsic impedance 

ohm 

ft 

k 

Wave number 

meter -1 

m -1 

a 

Attenuation constant 

neper/meter 

Np/m 

fi 

Phase constant 

radian/meter 

rad/m 

f 

Frequency 

hertz 

Hz 

S 

Poynting vector 

watt/meter 2 

W/m 2 

P 

Power 

watt 

W 

s 

Skin depth 

meter 

in 

r 

Reflection coefficient 



s 

Standing wave ratio 



y 

Propagation constant 

meter -1 

m -1 

G 

Conductance 

siemen 

S 

Z 

Impedance 

ohm 

Q 

Y 

Admittance 

siemen 

S 

Q 

Quality factor 
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ELECTRIC FIELDS 


Columbs Law : 


P _ (Q1Q2) (Q1Q2) 5 

4ne 0 R 2 Ur 4ne 0 R 3 


Electric Field Laws 


Point Charge 

Line charge 

Infinit line 


E = Q R 

4n£oR 3 

E = 

j 

f p? 

47re n R 2 Ur 

F Pi, 

b = „ „ a R 

2ne 0 R 


Ring 

Disk 

Surface 

Infinite 

surface 

1 p t L x 

f - PS 

X 1 



Ps 

U — 

4ne ° ( x 2 + a 2 )§ 

Pq clH ^ 

” 3 &z 

2 6 0 (a 2 + h 2 ) 2 

2 6 0 

y/x 2 + R 2 -1 

J 47re 0 P 2 

2e 0 

Electric Flux - Flux density 

- gauss law 






d s 


D 

E 


£ 



E Jb D 


Electric Density (D) relations 


Point Charge 

Infinit line 

Infinite surface 

Cylindrical volume 

D = ^ R 

47T/? 3 

n Pl — 

D — ci 0 

4nR 

II 

p < a 

n pv 

d = y p 

p > a 

-(f) 

P 

Finite cylindrical 
surface 

Finite spherical shell 
surface 

Surface 

D — — a 

P 

a 2 

D ~ Ps ~ 2 

„ f Psds _ 

E = „ a R 

J 47re 0 P 2 

Dot form of charge density 


From green's or gauss theorem 


L 


volume 


(V-V)c tv 


surface 


V.ds 


••• <§> D . ds = f V ■ D dv = J p v dv 

V ■ D = p v Maxwell's 1 st equation 












Energy and potential 


r final 

W = - I qE.cLL 

J initial 

Note : W AB = —W BA ; W t AB cda — 0 


Vab = ~[ 

Jr 


E.dL 


§ E • dL =0 

VxE = 0 

Maxwell's 2 nd equation ( assuming conservative system ) 

$>E-dL = VxE^ 0 ( non — conservative system ) 


Potential difference Equations : 


Point Charge 

Absolute potential 

Line charge 

Infinite line 

v - Q 

1 I’ 


V -v - Q 

V = 

j 

pidL 

t/ i P B 

Vab = - In 

2neo Pa 

Vab ~ 

r A r B _ 


A 7100 4?reo r A 

Ane n r 


Equipotential surfaces : surfaces that has the same potential 


AV 

— — = Potential qradient 
A L 

V — —J E.dL 
AV = -EAL 


E = 


AV 
A L 




E= -W 





To move a charge from infinity to a point in the free space with other charges affect that point with a 

field 


iwYm 


n 

w *=\l > 

?7l=l 

= \jo- E dV (/) 


W, 


W F = —D.E 


(4) 

\m 6 y 


4_lA, 


Electrostatic Fields in materials 

A '•**>- d 1_^J A i C^UjUdli [ * j l ^ g If- J 1 ^ ^ > ■>. d , , ' A \ L*n\ l * ^ ,\M 

^ ^di^L-ia j^l 4x«^)jai ^ ^)A^]| 6 ^ 6 ^xJaLall A^Lola ( dal W dll Ailj£ ^ jLnll <jj£d cJ^l jatll 

p v ASAL 


i = 


At 

J = PvV d 


( divide by area ) 


conduction , conventionJ^j^l £ ji ^ i ojUII "uL^ajj g- jj ^ V 

Ohm's Law 

J — oE (A. m ) 

F = — / E.dL = E.L 


p2 


, I V V l 

ohm s law J = < 7 E=>- = <j — => — = — - = /? 

7 S L I aA 

V -f E.dL 

for non uniform V ■ R = — = — r — 

I E.dS 

J S 

Field Effect on Dielectric Materials 

1 J>tA (JLa-a J '' ir - o^Lall t _ il Wo'i . .1 ^jj 

P = Xe Co E 

Xe = e r - 1 

Dielectric Strenght : <0*11 j <JW-» J 51 
D — eE — e 0 e r E = e 0 (1 + Xe) E = P + e 0 E 

^JHa Aa. jJ V) | 4-ijlxJl ^1 ^oll 0*^1 

daU jjldll (_£ jiVj V 4-1 jl*Jl S^Lall 
l^jUaSJjujl ^aJJ <U jtxJl ^1 jaII ^ic- jjSIjII dc- 


L 


■A 




Boundary Conditions 


Between 1- Dielectric - Dielectric 2- Dielectric -Conductor 



Figure 5.4 An appropriate dosed path and gaussian surface are used to 
determine boundary conditions at a boundary between a conductor and free 
space; E, — 0 and By — pg- 


1- Dielectric- Dielectric 


Normal 

Tangent 

GailSS ( ^kjudll A K 

§ D. dS = Q enc 

D ln AS - D 2n AS = p s AS 

D 2n — p s 
if p s = 0 

Din ~ D 2 n 

Ampere's law 
f> E.dL — 0 

Ah Ah 

E lt Aw -£ ln y- E 2n — - E 2t Aw 

Ah Ah 

+ E 2n ~S~ + E 2 n ~y — 0 

••• E lt = E 2t 


2- Conductor- Dielectric 


Normal 

Tangent 

Gauss 

D. dS — Q enc 
•• D n — Ps 

o 

II 


Capacitance 


C = ^ (( if E ( electric field is uniform )) ) 


w E = -cv 2 


I ** \\ 0 *^ a\\ ( ‘‘ \\ 1^» \ A 

j (. ** A ^ 4_lljuua a>jA -\ 

J! jSll ^ -2 

_ C\C 2 
f “ Ci + c 2 

L$j \ jUl 1 ^glc. i" il qX^\1 

Q = Cl + C 2 

<jj£j (j^AA ‘ ' '' c '~^ rt\l £-| ^3 1 -3 

Parallel plate- Coaxial ( cylindrical ) - Spherical 

04^ 


VX^tl ^tllLall 


Parallel Plate : 



V = - E.dL 

' d 

V — — f d — . dL 

Jo € 

Ps 

.-.V = —d 

6 

= Q = PsA_ =eA 

V Ps_d d 

6 “ 




r=_e 




ctb ^ c'( ^ b 


o 


o 




_L TP r ; J 

■+^0 



Cylindrical ( Co-axial ) 





Magnetic Fields 


The Sources of Magnetic Field : 

1-Permanent magnet 2-Linearly changing electric field w/ time 3- a direct current 

Biot-Savart 


H oc 


m 1 m 2 

R 2 


Aju. aJal *« alt uUaSVI S jj SjaS! 


_ IdL x a R IdL x R 
4tt/? 2 4nR 3 

The total current crossing any closed surface is zero. It is this 


current flowing in a closed circuit that must be our 
experimental source(ln a closed path), not the differential 
element. It follows that only the integral form of the Biot- 


Savart law can be verified experimentally,// 


HdLxa R 
\ 4nR 2 


) 


4 !! Cl' / 


Surface current density : I = K * L ( uniform ) or I 
= f Kdl 
the same with 


IdL = Kds = JdV 




H = 


r KdS x a R 
' s 4nR 2 


1 


Jdv x a R 
4nR 2 


H from : 


Infinite Line 

Line 

n ~2 up 

H = - — [sin(a 2 ) — sinCcri)]^ 

47tp 


/ 

c 

■f — r“T 

a 2 \ \ 

*«\ v 

a i t 

\ “S — 5 A A 

a, \ A 

•,cL~ 

B 





H from Coaxial cable 



P=P\ P=P i 

//. only 


(*) 


Figure 7-8 (a) Cross section of a coaxial cable carrying a uniformly 
distributed current / in the inner conductor and -/ in the outer conductor. The 
magnetic field at any point is most easily determined by applying Ampere's 
circuital law about a circular path, (d) Current filaments at p = pi , <f> = ±<f >\ , 
produces H p components which cancel. For the total field, H — H^a^. 






Figure 7.9 The magnetic field intensity as a function of 
radius in an infinitely long coaxial transmission line with 
the dimensions shown. 





H = K a a (inside toroid) 
p v 

H = 0 (outside) 

(a) 



(b) 


Figure 7.1 2 (a) An ideal toroid carrying a surface current K in the 
direction shown, (b) An N -turn toroid carrying a filamentary current /. 

surface conducting j* a ^ jl 

in the center H = 0 

/(P 2 - a 2 ) 


ina<p<bH = 


p > b 


I 


b 2 — a 2 


2tt£ 


H from a troid 


Force from a Magnetic Field and Electric Field 

As shown from the direction of H the Force from a magnetic field is in Right angle with 
the velocity of the particle 

Which means : Magnetic Force can never change the velocity of a moving particle ; this means 
that maRnetic field is incapable of transferring Energy to the moving charge 

F e (Electric Force ) = QE 
F m {Magnetic Force ) = Q V x B 
F tota i(Superposition force) = Q(E + V x B) 

Notes : a large number of very small forces dF = dQ V x B can cause electrons to shift slightly 
and then the conductor as a whole , it causes displacement in center of gravity between +ve 
and -ve charges so the columb (electric ) force tend to resist this displacement 



What's Current sensor ( Hall Voltage ) 


It's a method to differentiate between the 


electrons and holes current by comparing their hall 
voltage in whats called current sensor this helps to 
determine if the semiconductor is n-type or p-type 




The charge separation that does result, however, is disclosed 
by the presence of a slight potential difference across 
the conductor sample in a direction perpendicular to both 
the magnetic field and the velocity of the charges. 

The voltage is known as the Hall voltage, and the effect itself 
is called the Hall effect. 


+ 

_ I *_F/, 

+ 

AAA* 

© © © 

A 



A A A 



F 


Force on a current-carrying conductor 


] = p v v and Q = p v d.V 

dF = dQ v x B = p v dV — x B = JdV x B = (JxB)dV 

Pv 

the same dF = (J x B )dV = (K x B )dS = (/ x B )dL = IdL x B 


= 1 
-f 


(JxB)dV= [ (KxB)dS 
Js 

IdL x B = -ij) 


B x dL = I Lx B 


|F| = BIL sin(0) 


We can express Force between 2 current elements without the magnetic field but it will be 

complex as follows: 


— — — /i d.Li'i x ctn 

from : dF = I 2 dL 2 x B & dH = — A _ n? — & B = p 0 H 


47 tR 2 


- F 2 = Ho 


hh 

An 


dL 1 x cifi 


j) [ dL 2 x <j> — A— — - ] ( very very complex ) 


NOTE : the total force on a closed current loop in a uniform = 0 


TORQUE 

f = RxB 


For a closed loop 

dT = IdS x B 
define dm = IdS 

dT = dm x B (dipole moment A. m 2 ) 

T = mxB = ISxB 

The toeque direction is that to align the magnetic field produced by the loop with the applied 

magnetic field causing the torque 

■ ua bjK.n I Xr - o jljj JlLoj 1 jj"-* 

JMI oLsjI ^ ol (JjLaj ■ '-j Ul ^ (JLa-o .lljjft o-i J '* ■ ^'1 djlj j j'X\ y J I ^Ioj (jl <■ . llmuA d-j 

im-> ( _ 5 lc. — ! IjjLiaJ jl - i_yaxj aligned bo .laj 

. I 



L \\ 1 n\ j 

l^ikb ^iLjal (JL^-g ClAjj^p£iVl (jl C > llJudJ d^LaII ^)j£l (jj^iA (J^b ^ x jj-llal Ik (JL^-aII 



j] t-Jluj ^c-Luuj j] t-ia. j* + 9 x 10 24 Am 2 l s £t“spin magnetic moment J' -2 

^ jUil JUJI 

4 Ll^'l jjc. CjIjIaaII ^ <^111 cjU Jaia ^^jaoLaUx^ JL^aj ^aLouj <^111 CjU jjli£iVI -3 

j oJ)La]| <jl A Vi > * 1 1 ^111 31 di! j 1 £jjI£uL« glVn aJ (_3 j 3 ^^ill (J£ IxJa -4 

^ic. jiild lg_l£j ^ q '^ ^ L-jlLujVmoments <jV jjjj* ^ ^ 3^ y j ciAjjjj£JVI 

fiJlsJj ^3 ^a£Add V ld^) MRlJ ^-olxJI (JjjLojVI jA 6^ (3 j 3 ^ill lad X dill (j! VI 4 d^LaII < QJ Ix^aJ 


Types Of Material 


liLa ^\ 4 \W; Jjjd LdUjj^l^U <L^a^oll did j>xSl ClljlS 13 L-bua^ ^Ac. 3j>Al <. <n ^jdaJ 

Table 8.1 Characteristics of magnetic materials 


Classification 

Magnetic Moments 

B Values 

Comments 

Diamagnetic 

JHorb “I" Jospin = 0 

^int < ^appl 

^int = ^appl 

Paramagnetic 

m orb + m sp in = small 

^int > ^appl 

^int — ^appl 

Ferromagnetic 

l m spinl l m orbl 

®int ^ 5 a ppi 

Domains 

Antiferromagnetic 

l m spin| ^ l m orb| 

^int = ^appl 

Adjacent moments oppose 

Ferrimagnetic 

l m spinl ^ 1 m orb 1 

^int > ^appl 

Unequal adjacent moments 
oppose; low a 

Superparamagnetic 

l m spinl ^ l m orbl 

^int > ^appl 

Nonmagnetic matrix; 
recording tapes 


cij| jLii 3 i 1 Vi^x>j (j3 

<£ H. dL = I j^-3 uj^-* 6 cjUjjjill (jp. ^jU 4i ^31 jliill jAj / -1 

j> M.dL = I B Aj. uo la U» . J I (jc ^jUj i B (^illlj Bound charge J' u=- gjUSi J^' -2 

$ ( — ) . dL = I T JJf«' dH'J /^ = /g + / J* J yr^ j’-r^' -3 


A-alk (jajljii o^c. ■ tij L^-Lq 

B 

— = M + H /. B = n 0 (H + M ) 

Bo 


j> M.dL = I B 



V x M = / B 



$> H.dL = I 




— I T 



Vxtf =J 



— Jt 


where M = atoms /m 3 * ( dipole moment /atom) 


B 

ho 


Xm 

1 Xm 


) 


For Linear isotropic material ( if Xm magnetic susceptibility ) M = Xm H 
••• B = fi 0 (H + x m H ) = ho (1 + Xm)H = hohr H where \i r = (1 + Xm) 
define /t = /^ rJ u 0 
then B = nH 


Generally : 


As, 


B = 


for homogeneous, linear, isotropic magnetic material that may 
be described in terms of a relative permeability 


\B X ] 


\h x 1 

By 

= n 

Hy 

[b z \ 


[Hz] 


For anisotropic materials 


B x 


ftxx Mxy l^xz 


"Hr" 

By 

= 

flyx \lyy \lyz 


Hy 

B z_ 


i 

Rj 


. H Z_ 


Boundary Conditions 



Normal 


Tangent 

5 W i = B N2 


H n — H n = K 

H±H n1 = /t 2 h N2 


ffltl ~ Ht2~) X a N12 = K 

H±M Ni h 2 M N 2 


{Ht 1 — H t2 ) = K x a N12 

Xml Xm2 


Bti &t2 _ k 

El V-2 

M t i M t2 

— A 

Xml Xm2 

Where K (surface current) 

K = 0 if either materials is conductor 


MAGNETIC CIRCUIT 


^jJai j ^IaIxSI ^jLsjjill (JjjLojVI J-jjVl'l (j-G \ g qjjWi ^LdAli t*_l]a 

Jaia CllLa jLLg j j.xlL*u> jUj dlli A-iJ^£ SjjU 4 junliUaLall SjjWI L_)JjflJ ^3 U^C-LoUJ I j ^Unjlil ’i» a'l j 


MAGNETIC 

ELECTRIC 

1- H= -VV m 

2- V mAB = f* H.dL 

3- B = /J.H 

4- 0 = J B.ds 

5- v m = <t>n 

6- 51 = — 

HA 

7- $ E. dL = 0 

8- M7 = - / D.E dv 

2 

1- £ = — V V 

2- V AB = f* E.dL 

3- J = <jE 

4- I = f J.dS 

5- 1/ = //? 

6- R = — 

oA 

7- j> H.dL = NI 

8- W = i f B.Hdv 

2 J c 

If , 1 f s 2 

147 = - fiH 2 dv = - — dv 

2 J„ 2 J w n 




Flux Linkage (A) : the total flux linking the turns of a coil A = N<p 

winding factor <_!' f. iVn . m U Jai <_>uj JjVI flux linkage J' jjLJI 

■ckiuJI 4 JjL*-o 3I ^1 LkiJi ^j-% ■ .aSl and pitch factor 


Inductance (L): the ration between the flux linkage and the current it's linking 

H Jl u jl dlliill 33 c. 3 \ j LaK ^tjJl diaJl Jjjjj 

Inductance For a coaxial cable 


a < p < b 

I 

H = - — => B = p 0 H 


2 np 

cL r b 


■*> 


= I B ' 


ds 


0 


-s 

J 0 J a 


p 0 I p 0 Id b 

- — dp dz a<* = — — ln- 
2 np * 2 n a 


N(p p 0 b 

L = — — = (per meter lenght) = — In — 
I 2 n a 




Mutual Inductance 
The mutual flux linking two coils 
At 90° between coils it is M =0 
At 0° between coils it is M max 
Afi0i2 N 2 <p2i 


M 12 — M 2 i — 


(H) 


h h 

Time Varying fields 

As we know magnetic field varying with time can produce current 

dd> 

emf = —N — 

1 dt 

( the -ve means that the flux act to produce an opposing flux (lenz' s law)) 

We can have — by 

dt y 

1- A time-varying flux with a stationary current path 

2- A relative motion between the a steady flux and closed path 

3- Combination of the two 
Kirchoff s Law 

t >i a \\ 4 \ l a MjQjj (. (jl US ^j-US^)j l nil ^Ui ^jUiJ) 

§E.dL = 0 

■ ^ jj Ji 0— 4 Wn>lXt emf -dU. ^ 

— — = — — f B. ds (>> jJ! x-4 -1 

dt dt J s w 


— = E m = v x B (jc- -2 


Ul 


em/ = § E.dL = J — — ds = j>(v x B )dL 

. f — — f dB 

transform voltage only emf = f E.dL = I (V x E) ds = I — — ds 

Js 4c dt 


_ _ dB 

V,E=-- 


Motional voltage only emf 


= f E.dL = <j> 


( v x B )dL 





Displacement Current 




j> H.dl = l or VxH = / 

Displacement Current Id J' j*j (> <_K.aU * ^ jlS timed varying fields J' ^ kjjW^ 0^ 


r f dD dD 

§ H.dl = I + I d = I + I — ds or VxH=J+J d = J + — 
J~ at at 




C = e 4 ;V = f E.dL = Ed 

d J 

dv eA dE dE dD 
I - JA - C— = — * d* — - e — * A — — * A 
dt a at at at 

dD dE 
~ ~dt ~ 6 ~dt 



MAXWELL EQUATIONS 


Differential Form 

Integral Form 

_ _ dB 

VXF = - — 

dt 

j>E.dL — - 

dB 

— dS 
dt 

_ _ _ dD 

vx H =y + - 

( 

u 

* 

) H.dL = I + 

r dD 
— ds 

Tv ( 't 

V.D = p 

( 

J 

n r. 

) D.ds — 

S -A; 

p v dv 

V.B = 0 

( 

u 

* 

> B.ds — 0 

s 


Auxiliary Equations : 


D = eE D = e 0 E + P P = XetoE 

B = pH B = p 0 (H + M} M = x m H 

J = aE J = pi/V 







